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THERMAL PROCESS APPARATUS FOR A 
SEMICONDUCTOR SUBSTRATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to thermal process 
apparatuses for semiconductor devices, and more 
particularly, to a thermal process apparatus for a semicon 
ductor substrate Which can be used for measuring of a 
temperature as to a semiconductor substrate With high 
precision. 

2. Description of the Related Art 
FIG. 1 is a vieW shoWing a structure of a conventional 

rapid thermal process apparatus Which is used as a chemical 
vapor deposition (CVD) apparatus or an annealing apparatus 
for manufacturing a semiconductor integrated circuit. As 
shoWn in FIG. 1, the rapid thermal process apparatus 
includes a heating source 1, a guard ring 5, a quartZ rod 7, 
an optical ?ber 9 and a radiation thermometer 11. The 
heating source 1 includes a halogen lamp. The guard ring 5 
supports a Wafer 3 Which is an object for heating process. 
The quartZ rod 7 is provided in a bottom plate 8. The optical 
?ber 9 transmits a radiation beam radiated from the Wafer 3 
and detected by the quartZ rod 7. The radiation thermometer 
11 is connected With the optical ?ber 9. 
With the above-mentioned structure of the rapid thermal 

process apparatus, the Wafer 3 supported by the guard ring 
5 is heated by the radiation beam radiated from the halogen 
lamp. The Wafer 3 is heated from a room temperature to for 
instance 1000° C., With a rate of 100° C./sec for instance. 

The radiation beam radiated from the Wafer 3 is detected 
by the quartZ rod 7. The temperature of the Wafer 3 is 
detected by the radiation thermometer 11 on the basis of the 
detected beam. 

HoWever, the conventional rapid thermal process appara 
tus having the above-mentioned structure has disadvantages. 
That is, the temperature of the Wafer 3 is detected based on 
the radiation beam detected by the quartZ rod 7. Therefore, 
as shoWn in FIG. 1, a stray light 10, Which is a part of the 
radiation beam radiated from the heating source 1, may be 
incident on the quartZ rod 7. That is, the stray light 10 may 
be re?ected multiply betWeen the Wafer 3 and the bottom 
plate 8 and may be incident on the quartZ rod 7. As a result, 
a light other than the radiation beam radiated from the Wafer 
3 is also detected by the quartZ rod 7. This causes a problem 
in that it is not possible to detect the temperature of the Wafer 
3 reliably. 

Also, an area of the multiple re?ection of the stray light 
is not ?xed. Hence, it is not possible to make an accurate 
correction formula for a radiation ratio. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the present invention 
is to provide a novel and useful thermal process apparatus 
for a semiconductor substrate in Which one or more of the 
problems described above are eliminated. 

Another and more speci?c object of the present invention 
is to provide a thermal process apparatus for a semiconduc 
tor substrate Which can be used for measuring a temperature 
of a semiconductor substrate With high accuracy. 

The above objects of the present invention are achieved 
by a thermal process apparatus for a semiconductor 
substrate, including a heating source heating the semicon 
ductor substrate by irradiating a light on one side of the 
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2 
semiconductor substrate, a re?ection plate facing to the 
semiconductor substrate in a state Where a re?ection cavity 
is formed With another side of the semiconductor substrate, 
a thermometer having a light-receiving part provided on the 
refection plate so as to measure a temperature of the semi 
conductor substrate by catching a radiation beam from the 
semiconductor substrate heated by the heating source by the 
light-receiving part; and light absorption means provided 
around the light-receiving part for absorbing a diffuse re?ec 
tion light generated in the re?ection cavity. 

According to the above invention, it is possible to absorb 
the diffuse re?ection light, namely a stray light, by the light 
absorption means, prior to the light being incident on the 
light-receiving part of the thermometer. Hence, it is possible 
to avoid that the diffuse re?ection light is incident on the 
temperature measure means. 

The light absorption means may include a concave part 
forming a black body, so that the diffuse re?ection light can 
be absorbed effectively. 

The concave part may have an opening Width Whose value 
is greater than D*tan 6, Where sin 6 is de?ned as a numerical 
aperture in a vacuum When the light-receiving part catches 
the light and D is de?ned as a distance betWeen the concave 
part and the semiconductor substrate. The concave part may 
have an opening Whose cross sectional con?guration is a 
triangle, a quadrilateral, a hexagonal, or any other polygon. 
In this case, the opening con?guration is regarded as a circle, 
thereby its opening Width is calculated as described above. 
The concave part may be provided in a distance of an even 

number multiple of D*tan 6 from the light-receiving part, 
Where sin 6 is de?ned as a numerical aperture in a vacuum 
When the light-receiving part catches the light and D is 
de?ned as a distance betWeen the concave part and the 
semiconductor substrate. 
The concave part may be provided in a distance of r/tan 

6 and under the semiconductor substrate, Where sin 6 is 
de?ned as a numerical aperture in a vacuum When the 
light-receiving part catches the light and r is de?ned as a 
value of a radius of an opening of the light-receiving part. 

Furthermore, the light absorption means may include a 
groove having a designated radius and depth, so that the 
diffuse re?ection light can be con?ned in the groove. Hence, 
it is possible to avoid that the diffuse re?ection light is 
incident on the light-receiving part. 

Also, the light absorption means may include a projection 
body having a groove, a distance betWeen the top surface of 
the projection body and the semiconductor substrate being 
smaller than a distance betWeen the light-receiving part and 
the semiconductor substrate. 

Other objects, features, and advantages of the present 
invention Will be more apparent from the folloWing detailed 
description When read in conjunction With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW shoWing a structure of a conventional 
rapid thermal process apparatus; 

FIG. 2 is a cross-sectional vieW shoWing a structure of a 
rapid thermal process apparatus according to a ?rst embodi 
ment of the present invention; 

FIG. 3 is a vieW shoWing a structure of a concave part 
shoWn in FIG. 2; 

FIG. 4 is a ?rst plan shoWing an arrangement of a concave 
part shoWn in FIG. 2; 

FIG. 5 is a second plan shoWing an arrangement of a 
concave part shoWn in FIG. 2; 
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FIG. 6 is a vieW showing a structure of a rapid thermal 
process apparatus according to a second embodiment of the 
present invention; 

FIG. 7A is a vieW shoWing a second example of a 
structure of a groove shoWn in FIG. 6; 

FIG. 7B is a vieW shoWing a third eXample of a structure 
of a groove shoWn in FIG. 6; and 

FIG. 8 is a vieW shoWing a structure of a rapid thermal 
process apparatus according to a third embodiment of the 
present invention. 

DETAIL DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A description Will noW be given, With reference to the 
draWings, of embodiments of the present invention. In 
respective ?gures, parts that are the same or substantially the 
same as the parts shoWn in other ?gures are given the same 
reference numerals. 

FIG. 2 is a cross-sectional vieW shoWing a structure of a 
rapid thermal process apparatus according to the ?rst 
embodiment of a present invention. Referring to FIG. 2, the 
rapid thermal process apparatus according to the ?rst 
embodiment includes halogen lamps 14, a halogen lamp 
house 13, a chamber 20 for heat-processing a Wafer 3, and 
a radiation thermometer 11. The halogen lamp house 13 
controls an electric poWer supplied to the halogen lamps 14. 
As a means for heating the Wafer 3, instead of the 

above-mentioned lamp, a resistance heating source, Which 
generates a heat by supplying an electric current to a resistor, 
can be used in the rapid thermal process apparatus. 

The chamber 20 includes a guard ring 5, a bearing 15, a 
bottom plate 8, quartZ rods 7, a cooling part 19, and concave 
parts 17. The guard ring 5 supports the Wafer 3 and is made 
of silicon carbide. The bearing 15 alloWs the guard ring 5 on 
Which the Wafer 3 is provided to rotate. The quartZ rods 7 are 
provided in the bottom plate 8 and detect a radiation beam 
radiated from the Wafer 3. The cooling part 19 cools the 
bottom plate 8. The concave parts 17 are provided in the 
bottom plate 8. The quartZ rods 7 are connected With the 
radiation thermometer 11 by optical ?bers 9. Inside of the 
chamber 20 is evacuated. 

As described above, the rapid thermal process apparatus 
according to the ?rst embodiment includes the concave parts 
17 around the quartZ rods 7 so as to absorb a stray light 10, 
Which may incident on the quartZ rods 7 from any gaps in the 
rapid thermal process apparatus While re?ecting multiply 
betWeen the Wafer 3 and the bottom plate 8. 

That is, it is preferable that only the radiation beam 
radiated from the Wafer 3 is incident on the quartZ rods 7, as 
described above, in order to measure an accurate tempera 
ture of the Wafer 3. Therefore, in this embodiment, the stray 
light 10 caused by a light radiated from the halogen lamps 
14, is absorbed by the concave parts 17, so that it is possible 
to improve an accuracy of measurement of the temperature 
of the Wafer 3. 

Furthermore, in the rapid thermal process apparatus 
according to the ?rst embodiment, the electric poWer sup 
plied to the halogen lamps 14 is controlled by the halogen 
lamp house 13 based on the temperature of the Wafer 3 
measured by the radiation thermometer 11. As a result of 
this, a degree of heating the Wafer 3 is controlled. Hence, it 
is possible to improve an accuracy of measurement of the 
heating temperature in the rapid thermal process apparatus 
by improving an accuracy of measurement of the tempera 
ture of the Wafer 3. 
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4 
NoW, the concave part 17 Will be explained more in detail. 

FIG. 3 is a vieW shoWing a structure of the concave part 17 
shoWn in FIG. 2. As shoWn in FIG. 3, an inside curve surface 
18a of the concave part 17 is processed by a black hard 
anodiZed aluminum process. A groove surface 18b is pol 
ished process as Well as a surface 21 of the bottom plate 8. 

Referring to FIG. 3, “r” indicates a radius of the quartZ rod 
7. “6” indicates a critical angle of the quartZ rod 7. “Sin 6” 
indicates a numerical aperture of the quartZ rod 7. “D” 
indicates a distance betWeen the Wafer 3 and the bottom 
plate 8. “R” indicates a distance betWeen a center of the 
quartZ rod 7 and a center of the concave part 17. “L” 
indicates a Width of an opening part of the concave part 17, 
namely an opening Width. 
The concave parts 17 described above may be dotted 

around the quartZ rod 7 as shoWn in FIG. 4. Also, the 
concave part 17 as described above may be provided around 
the quartZ rod 7 like a doughnut shape as shoWn in FIG. 5. 

For the purpose of an effective absorption of the stray 
light 10, a value of the distance “D” may be equal to or less 
than a value of r/tan 6 calculated by the radius “r” of the 
quartZ rod 7 and the above-mentioned “6”. Furthermore, “R” 
may have a value of a multiple of a natural number as to “r‘” 
shoWn in FIG. 3, namely a value of n*r‘ Which is a value of 
n*D*tan 6, preferably. “R” may also have a value greater 
than a value of (r+L/2), preferably. Furthermore, the above 
mentioned “L” may have a bigger value of 2D tan 6 
preferably. 

If “L” has a value greater than 2D tan6, the stray light 10, 
Which may enter the quartZ rods 7 due to the multiple 
re?ection, can be absorbed by the concave parts 17, irre 
spective of a value of “R”. In case of that 2Dtan 6 is used 
as a value of “L”, it is effective that n*D*tan 6, in Which “n” 
is a natural number, is used as “R”. The smaller the value of 
“n” is, namely the shorter the distance betWeen the concave 
part 17 and the quartZ rod 7 is, the higher the measurement 
accuracy as to the temperature of the Wafer 3 on the basis of 
the light caught by the quartZ rod 7 is. 

Thus, according to the radiation thermometer in the ?rst 
embodiment of the present invention, the stray light, Which 
is incident on the quartZ rod 7 as a kind of noise, is absorbed 
by the concave parts 17, before being incident on the quartZ 
rod 7. Therefore, it is possible to improve the accuracy of the 
measurement as to the temperature of the Wafer 3 by using 
the radiation thermometer 11. 

FIG. 6 is a vieW shoWing a structure of a rapid thermal 
process apparatus according to a second embodiment of the 
present invention. As shoWn in FIG. 6, the rapid thermal 
process apparatus of the second embodiment includes a 
heating source 1, a guard ring 5, a bottom plate 12, a quartZ 
rod 7, a radiation thermometer 11, and an optical ?ber 9, 
similar to the rapid thermal process apparatus of the ?rst 
embodiment. The heating source 1 includes a lamp, a 
resistor, or the like. The quartZ rod 7 is provided in the 
bottom plate 12. The optical ?ber 9 connects the quartZ rod 
7 With the radiation thermometer 11. 

In the rapid thermal process apparatus of the second 
embodiment, a groove 22 is formed near the quartZ rod 7 in 
the bottom plate 12. The groove 22 has a designated opening 
Width and depth. 

The opening Width and position in the bottom plate 12 as 
to the groove 22 are decided, in a similar manner as the 
concave part 17 in the ?rst embodiment of the present 
invention. 

That is, if that the opening Width of the groove has a 
bigger value than 2D tan 6, the stray light 10 Which may 
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enter the quartz rod 7 due to the multiple re?ection, can be 
con?ned in the groove 22, no matter Where the groove 22 
locates in the bottom plate 12. In a case Where 2Dtan 6 is 
used as a value of the opening Width, it is effective that 
n*D*tan 6 is used as a value of the distance betWeen the 
groove 22 and the quartZ rod 7. The smaller the value of “n” 
is, namely the shorter the distance betWeen the groove 22 
and the quartZ rod 7 is, the higher the measurement precision 
as to the temperature of the Wafer 3 on the basis of the light 
caught by the quartZ rod 7 is. Besides, the longer the depth 
of the groove 22 is, the higher the degree of certainty as to 
con?ning the stray light 10 in the groove 22 is. 

FIG. 7A is a vieW shoWing a second eXample of a 
structure of a groove shoWn in FIG. 6. FIG. 7B is a vieW 
shoWing a third eXample of a structure of a groove shoWn in 
FIG. 6. 

A concave part 23 shoWn in FIG. 7A may be formed 
instead of the groove 22. The concave part 23 includes a 
concave having an inside curve surface 18a and an alumi 
num re?ection plate 27. The inside curve surface 18a is 
processed by a black hard anodiZed aluminum process. The 
aluminum re?ection plate 27 is used for improving a re?ec 
tion ratio on an upper part of the concave. With the above 
mentioned structure, a stray light can be absorbed by the 
concave effectively. 

A groove 29 having a V-shape shoWn in FIG. 7B, instead 
of the groove 22, may be formed on the bottom plate. The 
groove 22 and the groove 29 have advantages in that they are 
formed and pressed easily. 

FIG. 8 is a vieW shoWing a structure of a rapid thermal 
process apparatus according to a third embodiment of the 
present invention. As shoWn in FIG. 8, the rapid thermal 
process apparatus of the third embodiment has almost the 
same structure as the rapid thermal process apparatus of the 
second embodiment shoWn in FIG. 6. The rapid thermal 
process apparatus of the third embodiment is different from 
that of the second embodiment in that a projection body 31 
like a bank is provided on the bottom plate 30 and near the 
quartZ rod 7. A groove 32 is formed betWeen respective 
projection bodies 31. As shoWn in FIG. 8, “D1” is de?ned 
as a shortest distance betWeen the projection body 31 and the 
Wafer 3, and “D2” is de?ned as a shortest distance betWeen 
the guard ring 5 and the bottom plate 30. In a structure 
shoWn in FIG. 8, “D1” is set to be a smaller value than “D2”. 

With the above-mentioned structure, it is possible to 
reduce the distance D shoWn in FIG. 3 substantially by 
providing the projection body 31. Hence, a smallest value of 
the opening Width L, calculated as 2Dtan 6, may also be 
reduced. Therefore, as shoWn in FIG. 8, it is possible to 
achieve the same advantage as the advantage achieved by 
the concave part 17 in the ?rst embodiment 1, by forming the 
groove 32 having a Width, Which is a bigger value than the 
smallest value, on the projection body 31. In this 
embodiment, the longer the depth of the groove 32 is, the 
higher the degree of certainty of con?ning the stray light 10 
in the groove 32 is, as Well as in the second embodiment. 
The projection body 31 may be formed not only near the 
quartZ rod 7 but also on a loWer part of the guard ring 5. 
As described above, since the rapid thermal process 

apparatus of the third embodiment includes the projection 
body 31 having the groove 32, it has same advantages as the 
rapid thermal process apparatuses of the ?rst and second 
embodiments. Besides, the rapid thermal process apparatus 
of the third embodiment has a further advantage in that the 
projection body 31 can be easily formed on the bottom plate 
30 as compared With the concave part 17 shoWn in FIG. 3. 
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The present invention is not limited to these 

embodiments, but various variations and modi?cations may 
be made Without departing from the scope of the present 
invention. 

This patent application is based on Japanese priority 
patent application No. 2000-293023 ?led on Sep. 26, 2001, 
the entire contents of Which are hereby incorporated by 
reference. 
What is claimed is: 
1. A thermal process apparatus for a semiconductor 

substrate, comprising: 
a heating source heating the semiconductor substrate by 

irradiating a light on one surface of the semiconductor 

substrate; 
a re?ection plate facing an opposite surface of the semi 

conductor substrate in a state Where a re?ection cavity 
is formed With the opposite surface of the semiconduc 
tor substrate; 

a thermometer having a light-receiving part provided in 
the re?ection plate so as to measure a temperature of 
the semiconductor substrate by catching a radiation 
beam from the semiconductor substrate heated by the 
heating source; and 

a light absorbing structure provided around the light 
receiving part con?gured to absorb a diffuse re?ection 
light generated in the re?ection cavity, 

Wherein the light absorbing structure comprises a concave 
part forming a black body, and 

the concave part has an opening Width Whose value is 
greater than 2D*tan 6, 

Where 6 is de?ned as a value of a critical angle of the light 
receiving part, sin 6 is de?ned as a numerical aperture 
in a vacuum When the light-receiving part catches the 
light, and D is de?ned as a distance betWeen the 
re?ection plate and the semiconductor substrate. 

2. A thermal process apparatus for a semiconductor 
substrate, comprising: 

a heating source heating the semiconductor substrate by 
irradiating a light on one surface of the semiconductor 

substrate; 
a re?ection plate facing an opposite surface of the semi 

conductor substrate in a state Where a re?ection cavity 
is formed With the opposite surface of the semiconduc 
tor substrate; 

a thermometer having a light-receiving part provided in 
the re?ection plate so as to measure a temperature of 
the semiconductor substrate by catching a radiation 
beam from the semiconductor substrate heated by the 
heating source; and 

a light absorbing structure provided around the light 
receiving part con?gured to absorb a diffuse re?ection 
light generated in the re?ection cavity, 

Wherein the light absorbing structure comprises a concave 
part forming a black body, and 

the concave part is provided at a distance of a natural 
number multiple of D*tan 6 from the light-receiving 
part, 

Where 6 is de?ned as a value of a critical angle of the light 
receiving part, sin 6 is de?ned as a numerical aperture 
in a vacuum When the light-receiving part catches the 
light, and D is de?ned as a distance betWeen the 
re?ection plate and the semiconductor substrate. 

3. A thermal process apparatus for a semiconductor 
substrate, comprising: 
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a heating source heating the semiconductor substrate by 
irradiating a light on one surface of the semiconductor 

substrate; 
a re?ection plate facing an opposite surface of the semi 

conductor substrate in a state Where a re?ection cavity 
is formed With the opposite surface of the semiconduc 
tor substrate; 

a thermometer having a light-receiving part provided in 
the re?ection plate so as to measure a temperature of 
the semiconductor substrate by catching a radiation 
beam from the semiconductor substrate heated by the 
heating source; and 

a light absorbing structure provided around the light 
receiving part con?gured to absorb a diffuse re?ection 
light generated in the re?ection cavity, 

Wherein the light absorbing structure comprises a concave 
part forming a black body, and 

the concave part is provided at a distance of r/tan 6 under 
the semiconductor substrate, 

Where 6 is de?ned as a value of a critical angle of the light 
receiving part, sin 6 is de?ned as a numerical aperture 
in a vacuum When the light-receiving part catches the 
light and r is de?ned as a value of a radius of an opening 
in the light-receiving part. 

4. A thermal process apparatus for a semiconductor 
substrate, comprising: 

a heating source heating the semiconductor substrate by 
irradiating a light on one surface of the semiconductor 

substrate; 
a re?ection plate facing to an opposite surface of the 

semiconductor substrate in a state Where a re?ection 
cavity is formed With the opposite surface of the 
semiconductor substrate; 

a thermometer having a light-receiving part provided in 
the re?ection plate so as to measure a temperature of 
the semiconductor substrate by catching a radiation 
beam from the semiconductor substrate heated by the 
heating source; and 

a light absorbing structure provided around the light 
receiving part con?gured to absorb a diffuse re?ection 
light generated in the re?ection cavity, Wherein 

the light absorbing structure comprises a groove having a 
designated Width and depth, and 

the groove has an opening Width Whose value is greater 
than 2D*tan 6, 

Where 6 is de?ned as a value of a critical angle of the light 
receiving part, sin 6 is de?ned as a numerical aperture 
in a vacuum When the light-receiving part catches the 
light, and D is de?ned as a distance betWeen the 
re?ection plate and the semiconductor substrate. 

5. A thermal process apparatus for a semiconductor 
substrate, comprising: 
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a heating source heating the semiconductor substrate by 

irradiating a light on one surface of the semiconductor 

substrate; 
a re?ection plate facing to an opposite surface of the 

semiconductor substrate in a state Where a re?ection 
cavity is formed With the opposite surface of the 
semiconductor substrate; 

a thermometer having a light-receiving part provided in 
the re?ection plate so as to measure a temperature of 
the semiconductor substrate by catching a radiation 
beam from the semiconductor substrate heated by the 
heating source; and 

a light absorbing structure provided around the light 
receiving part con?gured to absorb a diffuse re?ection 
light generated in the re?ection cavity, 

Wherein the light absorbing structure comprises a groove 
having a designated Width and depth, and 

the groove is provided at a distance of a natural number 
multiple of D*tan 6 from the light receiving part, 

Where 6 is de?ned as a value of a critical angle of the light 
receiving part, sin 6 is de?ned as the numerical aperture 
in a vacuum When the light-receiving part catches the 
light, D is de?ned as a distance betWeen the re?ection 
plate and the semiconductor substrate. 

6. A thermal process apparatus for a semiconductor sub 
strate comprising: 

a heating source heating the semiconductor substrate by 
irradiating a light on one surface of the semiconductor 

substrate; 
a re?ection plate facing to an opposite surface of the 

semiconductor substrate in a state Where a re?ection 
cavity is formed With the opposite surface of the 
semiconductor substrate; 

a thermometer having a light-receiving part provided in 
the re?ection plate so as to measure a temperature of 
the semiconductor substrate by catching a radiation 
beam from the semiconductor substrate heated by the 
heating source; and 

a light absorbing structure provided around the light 
receiving part con?gured to absorb a diffuse re?ection 
light generated in the re?ection cavity, 

Wherein the light absorbing structure comprises a groove 
having a designated Width and depth, and 

the groove is provided at a distance of r/tan 6 under the 
semiconductor substrate, 

Where 6 is de?ned as a value of a critical angle of the light 
receiving part, sin 6 is de?ned as a numerical aperture 
in a vacuum When the light-receiving part catches the 
light, and r is de?ned as a value of a radius of an 
opening of the light receiving part. 

* * * * * 


